The powder pattern of crystalline cubic deuterated acetylene recorded by thermal neutron diffraction technique and the Pa3 crystal structure assigned to the high phase of C.,H2 are compared. The observations are not in disagreement with the theoretical pattern. Values for the lattice parameters in a narrow temperature range are given.
Introduction
Crystalline acetylene C2H2 and the deuterated isomorph, C2D2, both are known to exhibit a solidsolid phase transition 1_3 . Below the phase transition temperature several spectroscopic investigations 4- ' suggest that the space group of both compounds is the orthorhombic D|h arrangement as based on the incomplete information obtained from an X-ray study 1 on C2H2 . Thermal neutron powder diffraction experiments reported recently 9 on observations of C2D2 at 4.2 K support the spectroscopically predicted D2h(Acam) space group. In view of the isomorphism observed in the spectroscopic investigations published these results are expected to apply to C2H2 as well.
Above the transition point, 133 K for C2H2 1 and 138 . .. 149 K for C2D2 2 -3 , both compounds belong to the cubic crystal system, the most probable space group of C2H2 being identified 1 as Pa3. In this work a comparison is made between the suggested crystal structure and the scanty information obtained for the cubic phase during the solid-solid transition experiments of C2D2 reported earlier 3 .
Experimental
The experimental details are principally described earlier 8 . The wavelengths used on the multicounter CURRAN 10 (A.E.R.E., Harwell, England) and the single-detector D2 (ILL, Grenoble, France) thermal neutron powder diffractometers were 1.363, 1.373 and 2.627Ä (CURRAN), and 1.909Ä (D2). The wavelength calibration and the testing of the individual efficiencies and angular separations of the five counters (CURRAN) were done using a standard powder specimen (Ni, A1203). Due to a relati- vely rapid recrystallization at temperatures near and above the transition point, a full scale recording of the powder diffraction pattern was not possible. The experiments on the CURRAN instrument 10 were carried out by recording the range 0.125 <sin 0ß <0.5 with each of the five detectors scanning 12 to 15° in 2 0 with an overlap of about 3 -5° over the pattern observed by the neighbouring counter. On the D2 diffractometer only the low angle reflections with sin 0/A< 0.24 were usually scanned.
Results
The lattice parameter for the cubic phase of acetylene-d2 is given in Table 1 for seven independent runs. The mean lattice parameter aav and temperature rav were calculated using the formula 2/av = 2 NT XI YI/ 2 TLI XI, (1) with the notations: ri[ = the square of the number of reflections observed during an independent run i, Xj and Y-t are the lattice parameter and temperature, respectively, for the run i in question. A comparison of the observed and calculated intensities corrected for the geometrical Lorentz factor are shown in Figure 1 . The parameters used in the theoretical pattern are listed in Table 3 . The scaling Table 3 , column 2.
of the patterns were adjusted according to
the coherent scattering lengths were taken from Bacon n , the positional parameters were calculated by assuming the high-resolution equilibrium molecular distances of C2D2 in gas phase 12 to apply to the crystalline acetylene-d2 as well, and the isotropic ß-parameters were arbitrarily set equal to three times the refined appropriate value at 4.2 K 9 .
200-In Fig. 1 the reflections not observed are marked with an asterisk. The intensities assigned to them are based on an estimate of the maximum peak height not detectable within the limits of the background fluctuation. The observed pattern of C2D2 is not in disagreement with the predicted Pa3 structure. On examining Table 2 it can be concluded that from the powder data the systematic absences cannot be determined. The only model tested, however, was the cubic-C2H2 1 arrangement based on the observed isomorphism. The structural parameters were refined using the crystallographic least-squares ORXFLS3 program 13 . The refinements were carried out on (F 2 ) and the final residual factors were R(I) =0.14 and R(F 2 )=0.09, with the Rfactors defined as = 2(*ob8-*calc)/2*obs.
(3) Table 3 . Equivalent positions of space group Pa3(8c), coherent scattering lengths (10 -12 cm), positional atomic parameters (j|cl0 4 ), isotropic temperature parameters and anisotropic thermal parameters for the initial model and two refined sets obtained, /o v I ± (x, x, x), ± (1/2 +x, 1/2 -X, X) ' löC; \± (x, 1/2 +x, 1/2-*), ± (1/2 -x, x, 1/2 -fx) Pa3l Fig. 2 . A representation of the observed angular corrected intensities along with values calculated for an anisotropic model using the parameters given in Table 4 .
Initial model (Fig. 1) Isotropic refinement 
30(5)
•Bij, c " In the anisotropic refinements the /^-restrictions 14 were taken into account. The refined values for the positional parameters Xq and rep and the isotropic ß-parameters along with the anisotropic Bij values from two least-squares analyses are given in Table 3 . In Table 4 the observed intensities are given along with the theoretical values calculated using the anisotropic thermal parameters. The calculated molecular dimensions and some distances of the carbon and deuterium atoms located at (r*, X[, x{), (i = C, D) from atoms in neighbouring molecules are listed in Table 5 .
Discussion
Although the structural refinement led to a reasonable result, it is obvious that as a basic source for the space group determination the powder method has its disadvantages. The average positional parameters refined, Zq = 0.052 (2) and = 0.154 (1), are in fair agreement with the values reported for C2H2 0.056 for zq and 0.155 for x^, respectively. However, as pointed out earlier 3 , serious difficulties may be faced when cycling the C2D2 powder specimen for longer periods of time in the vicinity of the transition point. As experienced during the phase transition experiments the random orientation of the powder sample may gradually be lost. A single crystal neutron diffraction study would probably have improved the results, but the method was outside the scope of the work done. The high vapour pressure of acetylene 15 Table 5 . Molecular bond lengths and some interatomic non-bonded distances rkl (A). The reference atom is located at (xfe , xk, x k ), (k=C, D). The positional parameters used are taken from the refinement using the anisotropic thermal parameters. 
